Background: Pollen exposure has acute adverse effects on sensitized individuals. 48 Information on the prevalence of respiratory diseases in areas with different pollen 49 concentrations is scanty.
INTRODUCTION
Asthma and rhinitis are allergic respiratory diseases affecting, respectively, 5-15% and 20-87 30% of adults in Europe (Bauchau and Durham, 2004; Jarvis et al. 2012) . The prevalence 88 of both diseases shows great heterogeneity both between and within countries (Burney et 89 al., 1994; Björnsson et al., 1994) . Geo-climatic factors seem to account for part of this 90 variability (Pesce et al. 2016) . Climatic and meteorological conditions influence the 91 regional flora and intensity of pollination, the dispersion of pollens and the duration of the 92 pollen season (Latorre and Caccavari,2009, Mandrioli and Negrini in D'Amato,1991) . 93 Climate change may be in part responsible for the observed increases in asthma and 94 allergic rhinitis prevalence in the last decade (Zanolin et al., 2004 , de Marco et al. 2012 , 95 possibly through its effects of altering pollination (De Sario et al., 2013; D'Amato at al., 96 2014) . 97 Exposure to pollens and other aeroallergens may cause allergy, which is a hyperreactivity 98 reaction of the respiratory tract and eye conjunctiva mediated by immunological (mostly 99 IgE-dependent) inflammation. In sensitized individuals, exposure to pollens leads to 100 release of bioactive molecules such as histamine and lipid mediators that can cause 101 smooth muscle contraction, increased vascular permeability, mucus secretion, and attract 102 inflammatory cells (Plotz et al. 2004 , Bernstein et al. 2016 .
METHODS

119
Study design 120 The phase one of the GEIRD multicenter study had a cross sectional design. Three 
Pollen data 145
Data on the daily air concentrations of seven pollens from five vegetal families (Poaceae, 146 Urticaceae, Oleaceae, Cupressaceae), one subfamily (Coryloideae), and two genera 147 (Betula and Ambrosia) were collected from local monitoring stations. The monitoring 148 stations were within city centers, with the exception of Salerno, which had no local 149 monitoring station. In this case we used data from the closest station (Napoli Portici) to 150 derive pollen indicators (see graphical abstract, left panel). All the monitoring stations used 151 a volumetric sampler of the Hirst type. The device consists of a pump which operates 152 continuously for seven days and is calibrated to aspirate 10 l/min of air (14.4 m 3 ) in 24h.
153
The air is directed on a sampling surface constituted by a metallic drum which rotates at 154 the speed of 2 mm/h, on which a plastic adhesive tape of silicone oil retains airborne 155 particles. After seven days, the sampling drum with the adherent atmospheric particles is 156 cut into fragments corresponding to the monitoring days. Each fragment is placed on a 157 slide and covered with glycerin jelly mixed with basic fuchsine (Odgen et al. 1974 ) and 158 examined under a microscope at 400x magnification. The daily pollen concentration is 159 determined as the number of pollen grains per cube meter of air (grains/m 3 ).
160
Missing data in the time-series of pollen concentrations were considered to be non-161 randomly allocated over time, since they could be generated by temporary instrumental 162 breakdowns and maintenance. For this reason we decided to input them using the k-
163
Nearest Neighbor algorithm (Fix and Hodges, 1951; Dixon, 1979) . This algorithm assigns 164 missing values based on their similarity to k non-missing values according to a Euclidean 165 distance function. In our data, we set k=9 and we implemented the similarity function . The associations (OR with 95% Confidence Interval, 95%CI) between the pollen 190 exposure indicators and the prevalence of allergic rhinitis and asthma were assessed 191 using two-level logistic regression models, with center as a random intercept. All the analyses were adjusted for gender, age (mean centered), smoking habits (non-smokers, 193 ex-smokers, smokers with <15 cigarette pack-years, and smokers with ≥15 pack-years), 194 education level (lower school, high school, degree), heavy traffic near home (never/rare, 195 frequent/constant), and climatic zone (subcontinental, mediterranean). To improve the 196 comparability across study centers, we also adjusted for the following design variables: 197 season of response, type of contact for questionnaire administration (mail, phone), 198 percentile rank of response (mean centered). The latter was included to account for 199 differences in response rates between centers [de Marco et al., 1994] The analysis on 200 asthma was also adjusted for the presence of allergic rhinitis.
RESULTS
203
Overall, 8834 subjects filled in the questionnaire with a 56.8% of response (range: 37.1% 204 Pavia -67.7% Verona), 47.5% of them were males, and the median age was 35.2 years 205 (Interquartile range: 11.8 years). Subjects from the mediterranean zone were more likely to 206 be males, young, smokers and exposed to high traffic levels than subjects from the 207 subcontinental zone (supplementary table S1).
208
The crude prevalence of diseases by center and climatic zone is shown in figure 1. Allergic 209 rhinitis was more frequent in the mediterranean zone with respect to the subcontinental 210 zone, 27.6% vs 25.3% (p=0.02). Across centers, the highest prevalence was in Salerno 211 (29.0%; 95%CI: 26.9-31.1%) and the lowest in Verona (24.4%; 95%CI: 22.5-26.5%).
212
Similarly, asthma prevalence was higher in the mediterranean than in the subcontinental 213 zone (11.3% vs 9.2%, p=0.001) and it ranged from 8.3% (95%CI: 6.7-10.2%) in Pavia to 214 12.5% (95%CI: 10.7-14.4%) in Sassari. The number of days with specific pollens above the low threshold were not significantly 223 associated with the prevalence of allergic rhinitis (table 2) ; however, we found consistent 224 negative associations (ORs below 1) of the number of days with high concentrations and 225 pollen intensities with allergic rhinitis. In particular, these associations were statistically 226 significant in the case of Poaceae (OR=0.977, p=0.024, for days with high concentrations; 227 OR=0.983, p=0.025, for pollen intensity) and Cupressaceae (OR= 0.996, p=0.047 for pollen intensity) (table 2) . When looking at exposure indicators based on concentrations of 229 at least one or two pollens (figure 3), we found that centers with a longer period with high 230 concentrations had significantly less allergic rhinitis: disease prevalence was 1.1% and 231 2.6% lower per 10 more days per year with high concentrations of at least one (OR=0.989, 232 p=0.024) or at least two pollens (OR=0.974, p=0.028), respectively. The associations for 233 the number of days with pollens above the low threshold were negative and borderline 234 significant (figure 3).
235
The associations between pollen exposure indicators and asthma were not consistent 236 (ORs were both greater and lower than 1), and none was statistically significant (table 2   237 and figure 3).
238
The sensitivity analyses performed using the indicators calculated over the specific years 239 of questionnaire administration confirmed the main analyses (supplementary Figure S3 ), 240 although there were some shifts in statistical significance in pollen-specific associations 241 (supplementary tables S3 and S4).
DISCUSSION
245
In this cross-sectional multicenter study we report evidence on the ecologic associations , 1994) or GA2LEN (Björnsson et al., 1994) . We were able to account for many 250 individual determinants that are known risk factors for allergic respiratory disease and that 251 may have confounded the associations.
252
Overall, our findings indicate that the centers with a higher pollen load (i.e. days with high 253 concentrations and pollen intensities) had a lower prevalence of allergic rhinitis, and this 254 result was fairly consistent across the different analyses carried out. The presence (i.e. 255 concentrations above the low thresholds) of specific pollens was not consistently 256 associated with the prevalence of allergic rhinitis, although borderline significant negative 257 associations of the number of days with at least one/two pollens suggest a lack of 258 statistical power.
259
The fact that the centers with a higher pollen load had a lower prevalence of allergic 260 rhinitis may seem counterintuitive, because of the well-known adverse short-term effects of 261 aeroallergens, which induce nasal and conjunctival symptoms in sensitized subjects, 262 increase hospital and emergency room admissions for asthma, and even respiratory and 263 cardiovascular mortality (Bono et al. 2016; Brunekreef et al., 2000; Caillaud et al., 2014; 264 Cakmak et al., 2012; Cirera et al. 2012; Eriksson and Holmen, 1996; Sakaida et al., 2014; 265 Tobias et al. 2004 ). However, data on the long-term effect of pollens on the prevalence of 266 allergic diseases are scarce and inconsistent. Our findings on adults are in agreement with 267 an ecologic analysis on children within the ISAAC study (Burr et al., 2003) , where the 268 prevalence of allergic rhinitis was inversely associated with pollen exposure. The authors 269 hypothesized that childhood exposure to high pollen concentrations might give some protection against respiratory allergy. This mechanism has also been proposed to explain 271 the induction of tolerance to perennial allergens in children (Ownby et al., 2003) . On the 272 other hand, another study performed in the US found a positive association between total 273 pollen counts and hay fever in children (Silverberg et al., 2015) . The lack of a positive 274 relationship between pollens and rhinitis may also entail that other risk factors, such as 
279
To our knowledge, only one ecologic study in Japan assessed the long-term association 280 between pollens and asthma (Yoshida et al., 2013) . It documented a positive association 281 between cedar pollen counts and childhood asthma prevalence. In our study on adults, 282 there was no association between pollen concentrations and asthma prevalence. In a 283 recent study on the same population, we reported that there is a substantial variability of 284 asthma prevalence in Italy, and that this variability can be explained to a large extent by a We observed a distribution of pollen concentrations that is consistent with the pattern of 293 vegetation in the country. Oleaceae (e.g. olive, ash, jasmine) and Cupressaceae (e.g.
Urticaceae (e.g. nettle), the most common herbaceous families in Italy, are spread all over 297 the peninsula, given their ability to grow in very different climatic conditions. Coryloideae , 2008) . In particular, our study was unable to consider the spatial variability in pollen 319 distribution within centers. As a consequence, we have no direct evidence to test the 320 hypothesis that a more exposed individual is more likely to have the disease. As we only 321 had data from a small number of centers, we had limited power to investigate center-level variables (such as pollen concentrations), we could only study one center-level variable at .977 (0.958-0.997) 0.983 (0.969-0.998 (2007) (2008) above the low/high thresholds and the prevalence of allergic rhinitis and asthma. Table S1 . Distribution of subjects' characteristics by study center and climatic zone. Table S4 . Associations † of the number of days per year with pollens above the low/high thresholds and pollen intensities (for the years of questionnaire administration in each center) and asthma. Figure S1 . Period when questionnaire and pollen data were collected by study center. † † Solid lines represent pollen data, dashed-dot lines represent the periods when questionnaires were collected. Figure S2 . Distribution of daily † pollen concentrations in 2007-2008 (grains/m 3 ) by study center. † pollen concentrations for a given calendar day were averaged between 2007 and 2008 for descriptive purposes Figure S3 . Associations † of the number of days with at least one/two pollens above the low/high thresholds (for the years of questionnaire administration in each center) with the prevalence of allergic rhinitis and asthma.
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